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Figure 13(a): Ponding sample with dike, uncovered 

Figure 13(b): Ponding sample with dike, covered. 

 As stated in ASTM C1543 − 10a, a water mixture of 3% NaCl by mass is added to the cuff 

of each cylinder with a minimum depth of 15±5mm. Each cylinder is then covered with a clear 

plastic wrap and sealed with tape to keep water from evaporating. If the height of the solution in the 

cuff drops, add more mixture to each cylinder to keep a consistent depth. At sixty days, the cuffs are 

emptied and refilled with fresh mixture. This process continues for ninety days, after which the cuffs 

are emptied and removed. The cylinders are then left to dry for forty-eight hours. 

  When the samples are ready to be tested, a core is drilled through the center of each 

specimen, following the ASTM C42/C42M. At different intervals of 5mm, the core is tested for 

chloride concentration by being ground and then tested with a titration process. The chloride 

content will be determined by the core and the background content ASTM C1152/C1152M. The 

chloride content should be determined until a depth of 65mm is reached or until there are two 

consecutive samples that show no difference in chloride content. This data can then be graphed to 

show the penetration of chloride into each cylinder.   
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4.3.1.1 CHLORIDE TESTING OF PONDING SAMPLES 

4.3.1.1.1 ASTM  

 Once samples have been collected from the ponding specimens, they must go through a 

process of testing to determine the total chloride concentration. The following procedure will be 

conducted for all the samples, except for the slag samples. Slag specimens will need to be pretreated 

with hydrogen peroxide, to neutralize the chloride found in the sulfur of the aggregate as well as the 

slag powder. To start, a sample will need to be sieved through a No. 20 (850-μ) and then blended by 

conning the sample from one piece of glazed or waxed paper to the next and back ten times, 

following the ASTM C702/C702M.  Weigh out 10.00 grams of the sample and place into a beaker 

with 75mL of reagent grade water. Once the mixture is stirred, slowly add 25 mL of diluted nitric 

acid. This mixture should be thoroughly mixed to ensure no lumps, and then add three drops of 

methyl orange indicator. The beaker should then be covered with a water glass and then be left to sit 

for 1-2 minutes. If the mixture is not a pink color, then add more nitric acid, drop by drop, until the 

mixture is a pink or reddish color, and then add ten additional drops. 

  Once the base mixture is completed, the beaker should be heated to a rapped boil, and then 

immediately removed from the heat. The sample will then be filtered through a 9-cm coarse-

textured filter paper into a Buchner funnel and filtration flask using suction, and then allow the 

sample to cool. Be sure that the sample has a total volume under 175mL. Two mL of 0.05 N NaCl 

solution should then be piped into the sample beaker and then add a TFE-fluorocarbon coated stir 

bar, to be used with a magnetic stirring plate. Electrodes should be submerged into the beaker, and 

begin titrating the specimen. Record the amount of 0.05 N silver nitrate solution that is used to give 

a readout of -60.0mV of the equivalence point of the background water. Continue to titrate at 

0.20mL increments until the equivalence point is reached, and then three more readings after that.   

  After the final readings are recorded the chloride percent by mass of concrete can be 

calculated. Start by subtracting the equivalence point of the background water, from that of the total 

solution. Equation 11 shows the calculation presented in ASTM C1152/C1152M, for obtaining the 

chloride concentration. This result can then be used with the results from each sample to find the 

distribution of chloride through each specimen.   

Equation 11: C1% = 3.545 [(V1-V2) N]/W 

Where: 

V1 = milliliters of 0.05 N AgNO3 solution used for sample 

titration (equivalence point), 

V2 = milliliters of 0.05 N AgNO3 solution used for blank 

titration (equivalence point), 

N = exact normality of 0.05 N AgNO3 solution, 

W = mass of sample, g. 
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4.3.1.1.2 ION SELECTIVE ELECTRODE PROBE 

 Ion selective electrode probes are based on an ion selective electrode theory which converts 

a specific ion found in a solution into a voltage. This voltage can then indicate a logarithmic amount 

of the chloride concentration. Before the test can start, a reference curve needs to be produced, and 

each reference curve is only valid for the day the testing is being done. Run the chloride testing using 

the ion selective electrode probe on different solutions with known concentrations. For the samples 

used to reference the chloride ponding samples, chloride solutions of 0%, 5%, 10%, 20%, 35%, and 

50% mg of CL/L should be conducted. The log10 of these concentrations should then be graphed 

versus the mV reading. The graph should have the best fit line calculated and produced. 

 

Figure 14: Reference table used to obtain the formula for calculating the concentration of chloride in concrete 

samples. 

 To start the chloride testing process using the electrode probe concrete samples should be 

ground the same as in the ASTM methods. Once the powder is prepared and funneled, 10±0.001 

grams should be weighed out. The sample should be added to 100mL of deionized water and then 

stirred on a magnetic stirring plate for five minutes. The sample would then be left to leach for five 

minutes, Figure 15, or until enough particles have settled so a 50mL sample can be taken. The newly 

leached sample can then be used with the ion selective electrode probe, Figure 16. Place the 

magnetic bar in the sample and place it on the magnetic stirrer plate, set the stirrer to one and let the 

probe run until it states ready on the screen. Be sure that the electrode probe does not touch the side 

or bottom of the glass jars or the magnetic stirring bar. Record the reading in milli-volts and 

continue to the next sample. 
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Figure 15: Sample on the right has just been stirred for the required five minutes and the sample on the left has 

been left to leach for five minutes. 

 

Figure 16: The process of determining the chloride level, by using the electro-probe to determine the mV 

reading of a sample. 

 Once the data is collected, use the mV reading in the equation produced in the reference 

best-fit line to calculate the log10 of the concentration, Equation 12. The concentration can then be 

back-tracked using the inverse log10. The concentration can be graphed against the depth of the 

sample to produce a curve showing the distribution of chloride through each sample. If the amount 

of concrete sample used varies, this would need to be accounted for in the calculation of the 

concentration. 
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Equation 12: 𝑪 =
𝟏𝟎𝒇𝑩𝑭𝑬(𝑽)

𝒎
 

V = Reading from the electron probe (mV). 

fBFE = Function created from the best fit line 

m = Original mass of powder used in the testing. 

C = The chloride concentration of the sample, per gram of powder. 

4.3.2 RCPT 

 Rapid chloride penetration testing (RCPT) starts by preparing a specimen with a thickness of 

50mm±3mm. Starting with a 4x8in cylinder of concrete cut off a two-inch sample from one end of 

the cylinder using a wet diamond saw. Then use a polisher to remove any burs or indentations at the 

end of the concrete. Use the concrete sealer to paint the sides of the sample, being careful not to 

paint on the ends of the sample. Allow for proper curing of the sealer, then apply a second coat of 

sealer to ensure all pores and indentations are filled. Once the sealer has dried and is no longer sticky 

to the touch, the sample can be placed inside the vacuum chamber. 

 Once inside of the vacuum chamber, the top and bottom pieces of the bell-chamber are 

sealed with the use of Vaseline. Once sealed, ensure that the stock-clock to the water valve is closed 

and that the vacuum stopcock is open to the bell. Run the pump until the pressure inside of the bell 

reaches a minimum of 50 mm Hg (6650 Pa). Check to make sure that the air stopcock is closed and 

then close off the vacuum stopcock to maintain the pressure inside of the bell. Maintain the 50mm 

Hg pressure for three hours. 

  While the cylinder is under vacuum de-aerated water can be prepared. Fill a pot with 

demineralized water and bring it to a boil. Allow the water to be boiled for a short time and then 

place a lid on the pot while removing the pot from the heat. Once the water is cooled, it is ready for 

use in the experiment.  

  After the three hours of pressure, place the de-aerated water in the water tank of the bell 

chamber set-up. Be sure to check that the water stopcock is closed before adding the water. Once 

filled, place the cap back on top of the water tank and open the stopcock, allowing the water to fill 

the vacuumed bell. If more water is needed, close the water stopcock and fill the water tank again. 

Then close the cap while opening the water stopcock.  Repeat this until all samples inside of the bell 

are entirely covered by the water. Check to make sure the vacuum is still below 50 mm Hg and 

maintain this pressure for one hour, by running the pump for the entire hour. After the hour is up, 

turn off the pump and open the air stopcock to allow air to re-enter the bell. Leave the samples in 

the water for 18±2 hours. After the allotted time remove the sample and blot it dry, then place it in 

an airtight container to maintain the moisture level at 95% or higher. 
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 Take the previously prepared sample and mount it to the voltage cells. Start by applying two 

layers of adhesive electric tape to the edge of both sides of the sample. Then apply six to seven 

layers of fitting tape, use the best judgment on how much room is between the cylinder and the 

voltage cell walls. Take a thin layer of conductive metal, cut to the shape of the interior of the 

voltage cell with an extra extended piece bent into a cylinder, to be used with the alligator clamp of 

the power supply. This piece of metal should be placed into the cell and then apply a small layer of 

adhesive silicon around the edge of the voltage cell. Snuggly fit the sample into one voltage cell and 

then apply a construction adhesive silicon to the edge of the sample and the cell. Then apply another 

small layer of adhesive into the other cell and place the concrete cylinder into the other cell, being 

sure not to lose the seal previously made between the cylinder and the other cell. Finish by applying 

a layer of silicon to the edges of the second cell and the cylinder. Once the two sides of the cell are 

applied, add either C-clamps to the sides of the cell to ensure a tight seal, or apply screws through 

the two cells and tighten firmly using a wrench. Both methods of tightening the cells are pictured 

below. Be sure to allow this sealer to dry before starting any tests.   

 

Figure 17: Inside of voltage cell, with conductive mesh in place. 
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Figure 18: Voltage Cell fastened with C-clamps. 

 

Figure 19: Voltage Cells attached with bolts. 
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 To run the test, fill one voltage cell, the one connected to the negative terminal of the power 

supply, with 3% NaCl solution and the other side, connected to the positive terminal, with a 0.3 N 

NaOH solution. Connect the two ends to the lead wires using the protruding conductive mesh. 

Then connect the lead wires to voltage application and the data readout apparatus. Turn on the 

power supply to 60±0.1V and allow the machines to warm up for at least fifteen minutes. When the 

device is ready, turn on the test power and then start the test. Record the initial current, charge, the 

temperatures of the voltage cell and the temperature of the solution. The temperature of all 

components must be in the range of 20-25°C, repeat the measurements every 30 minutes for six 

hours. If the temperature of the solutions exceeds 90°C, the test must be terminated to keep the 

solution from boiling. Once the test has been completed, remove the specimen, rinse the cell with 

water and then strip out and discard the outside sealer. 

 

Figure 20: Temperature Change during RCPT. 
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Figure 21: Output data from RCPT, machine gives the time the test has been running, current, voltage, and 

total charge passed. 

 The current in amperes should be plotted against the time in seconds. Draw the best fit 
curve to the data and use the area under the curve to obtain the charge passed during the test, in 
ampere-second. This value is then related to the conductivity of the concrete. 

Equation 13: 𝑸 = 𝟗𝟎𝟎 (𝑰𝟎 + 𝟐𝑰𝟑𝟎 + 𝟐𝑰𝟔𝟎+. . +𝟐𝑰𝟑𝟎𝟎 + 𝟐𝑰𝟑𝟑𝟎 + 𝑰𝟑𝟔𝟎) 

Where: 

Q = charge passed (coulombs), 

Io = current (amperes) immediately after voltage is applied, and 

It = current (amperes) at t min after voltage is applied. 

 Conductivity correlates with chloride permeability. Samples who have a total charge passed 

as less than <2,000 coulombs are considered to have low chloride penetrability or less. This system 

shows a correlation of the permeability between different mix designs. 
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4.3.3 SILVER NITRATE 

 To conduct Silver Nitrate testing the samples used in RCPT will have to be split using a 

tensile strength testing method. Once the samples are split silver nitrate can be applied to the inside 

of the concrete sample. Be careful to make sure that the silver nitrate does not come in contact with 

skin, by wearing protective clothing and gloves. The samples can then be observed to see the 

distribution of the chloride through the concrete. Measure the depth of the chloride at different 

locations across the diameter of the sample. These depths can then be averaged to show which 

samples had the most penetration. 

4.3.4 BENTZ - MULTI-SCALE MODELING   

 To conduct permeability testing using Bentz's (2007) virtual model each mix design can be 

imported into a table, and the program will produce a result of the permeability of the mix design. 

The program requires the amount of water, cement, cementitious admixtures and air content. Based 

on the density, air and water-cement ratio of the mix design and an algorithm the total chloride 

output can be calculated. These results can be compared to the RCPT testing discussed earlier. 
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CHAPTER 5: RESULTS AND DISCUSSION 

5.1 PONDING 

 The ponding was done with a table ionized salt instead of lab grade NaCl. This was done in 

error, so all results found should be recreated using the suitable high-grade NaCl required in the 

code. Although ionized table salt will produce a higher chloride reading than would be seen with lab 

grade NACI, it still should be a uniform increase in all samples. This increase should have little to no 

effect on the comparison between different types of concrete mixes, but it should be considered 

when compared to results found in other experiments.  

 Initially, after each ground concrete sample was collected, the entire sample was tested to 

find the chloride concentration of the sample. This process produced two main issues, the first 

being that the test results could not be reproduced for a sample after the initial test. This was a 

problem later when the results should have been replicated, so the process was adjusted. The second 

problem was that the samples containing over 20 grams of powder could not settle enough to 

produce 50 mL of clear sample to test. This provided data with massive drops and jumps that do 

not follow a consistent trend. This is most obvious in the testing done for the first SCC sample 

(SCC 1). The results produced for depths 5-25mm do not follow the trend of the expected 

exponential curve.  

 

Figure 22: Graph of the chloride concentration of SCC1, vs. the depth of the sample (mm). 

 These problems were solved by extracting only ten grams of each sample for future tests. As 

shown in Figure 23, the samples for the second OPC sample (OPC 2) were tested using a uniform 

sample size. The graph created a clear and reasonable distribution of the concentration of chloride 

throughout the sample. 
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.  

Figure 23: Graph of the Chloride concentration per gram of OPC 2 versus depth (mm). 

 Another issue discovered early on was the large depth size of each sample indicated in the 

ASTM C1543 − 10a code. The problem with using such considerable sample depths is that very few 

data points are created, because of this an exponential curve is not explicitly or accurately shown. 

This is a common concern with the ASTM code and was also shown in the results of Slag sample 

one (SLAG 1) when compared to that of the results for Slag sample two (SLAG 2). SlAG2 was 

tested at increments of 5mm instead of 10mm collected samples and 5mm of discarded specimens, 

which was used in SLAG1, as was suggested in the codes. 

 

Figure 24: Graph of the chloride concentration per gram vs. depth (mm) for sample Slag 1. 
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Figure 25: Graph of the concentration of chloride per gram of sample vs. depth of sample (mm). 

 

Figure 26: Test results from the chloride concentrating testing. 


